J 




-°CT/JP 98/03336 ^ 
14.10.98 ' 

.09/46 3 044— 

a ^ a # ft Jt 

PATENT OFFICE 
JAPANESE GOVERNMENT 



rec'd 3 0 OCT 1998 



.WIPO PCT 



This is to certify that the annexed is a true copy of the following application as filed 
with this Office. 



Date of Application: 1 9 9 7# 9^ IB 

£B mi $ "^§* 

Application Number: 9 ^#ffflfg 2 3 5 5 24-1 

th M. A 

Applicant (s): H M{b^X^^^^t± 





9-235524 



P97SR31 

m ib 

HOIS 3/18 



- 

[ft*] 

[!«»!!#-§■] 
[ft*X&**80 

— imtt &i 



5 

^^mM^HJ±^HTf^4 9 l'#ifil 0 0 BM«i 

m&&WWft±$*SM4 91#|100 BMit^Jll 

000226057 

010526 

21,000P3 

mmm — i 



i 



mii£4#^ 10-3075871 



9 — 235524 

J 

-»&tf>^fb«^ftJi #«Jf £ *xT & *J . n ^»fc4fe#f- ft £> gfb4fc¥##Ji 

-G>^fc& 2&^©M#%*M3ftTfc*;, n^M#/^A> • K^f -V V ^ai*^^ 
[ff:£*4] tufBA> V^f^v^(D±^\^(Dm\Z F-^2ftfcn^F*fi4& 

[ft** 5] tufB^3(Z)^b^^Ji^T> F-:/T?*>y. MIl^o. 
1 At mJ^T^&S - £ &4tffi i:^ 5ff #31 1 7^M4 <D\H<D v^ftjfr 1 *lc|B*S0> 
^MW^ttiit^ 

[00 0 1] 



1 



ffifE#¥l 0-3075871 



9 — 235524 



>f^CM^5>n5Sft^tft (InjAlyGa^yN, O^X, 0 <Y. X + Y 
[0 0 0 2] 

FilOInGaN, VW* I n G a N &;g?-&#SM^#^«^0>^f£Sfc 
0 „ Mg K-^A lGaNJ:yft*p||^5y Kit, Mg K-^GaNiyiifi 
-pilini^^^ 2 0mAlC;J3^T. « 

5 0 n mCD*-feL E Df 5 mW. ft-^Pid^^ 9 . ll 5 2 0 n mtf) 
|^LEDt3mW, *MMfr^#*6. 3 %i:*«^«nfe#tt€:^"r. 
[0 0 0 3] 

1f^fe1ft#T«J«>T^Ufc{^tf. Jpn.J.Appl.Phys.35(1996)L74 > Jpn.J. 
Appl.Phys.35(1996)L217^} 0 U-1f JH^te, I n G a N VNfe#||S^ 
#F*f?t (MQW : Multi-Quantum- Well) Sr^f 5 #-?Jb^T U fgjg 

£;fU A;i/Xipg2 fi s . ;U7MJB2ms0^ftT?, 6 1 0 m A. ffl 

tem«£l&&8. 7kA/c m 2 , 4 1 OnmO^jg^t. * fc. #ffi®Att^ifi 
T»CD^»S^**J«>T^U #£f£Ufc 0 BlxU^hD-^^ 19 

96^12B2B# ^^^^> Appl.Phys. Lett. 69(1996)3034-, Appl .Phys.Lett.69( 
1996)4056-^}. Z.<DU-V i m : ?'lZ2 0V,\Z&^T. l3ffii£$Sg&& 3 . 6 kA/ 

o 

[0 0 0 4] 

[»^^j»»-UJ^-^6lSS] 



2 



tf*f£#3£ 10-3075871 



9-235524 

ZftMZlt, *yv*o*3<Z>3C.&#iMrC&*. £fctMiLEDJ|*?'W:2 OmA 
tCfc^TVf#3. 6Vi£<fe^ 0 Vf fc^fCTtf-Sr^tCJcy. JH^G)^ 

XL ED, LD^^^>fb^^^^^-7-Offi^$:^Jl$i^ei:^tC, Vf. mMM 
[0 0 0 5] 

b < & n ^#E4&iB&#3l 2 <0g{t*fe¥^#Ji J: y fc^fc V*fg 3 <Z)^ft;#f¥## 
I&f U grffEm 2 ©»t4&4^#/f fC n S *lT 61^ *T 

o hn-A&T. L<tt50t>^ -i*£TF 0>&ft&¥ 

^#:SS#'SK*3ttc^ML/fc«5tS:f&t'%©i:t'-5. ££T > K-:/ (undope 

:/) , 

[0 0 0 6] 

sttftmomitto^mftm^T'iz. mmtmzm 1 omt^mizm tarn 

^o. A«_XlttMx.^AlN, GaN, A 1 G a 4 0 0 "C~ 9 0 0 riC 



3 



m§E#¥ 10-3075871 



4f 32. 9-235524 



[0 0 0 7] 
[0 0 0 8] 

v^(DM&c#< F-:/£;ftTV^3££#$[£-t.g> 0 
[0 0 0 9] 

[0 0 10] 

U^SIJ¥te5 0 0*>^ hD-A, $ £>tC«F* l/<fc*2 0 0^- 
F-^fItl)6i^ S^^ilSl X 1 0 _1 Q • cmJ£U:i:lftV\fc«> % Z.CDM 



4 



&fE#¥ 10-3075871 



9-235524 



[0011] 



[0 0 12] 

fam*J&f&lst~Wi&. A 1 G aNiiS i £ F- ^ It 0>T* F^~ £ b T^f 



5 



mtrE^f 5 ! 2 10-3075871 



9-235524 

[0 0 13] 

££>tC, /t> F¥^y:7:i:*;i/3f--tf>*^A 1 G a N CD^M^fC n gflffcS 
F-:^S£?aJllteg£C*g<&£ 0 HP»>GaN»^#m-t^m^tC^o 
Tte. A 1 G a N4i{C^^tl^ nl^Mt-f tf> (^(Z)l^Si) tf)|fr£L 
£*j^tt£o I^IA 1 G a NJS<£Jlt$;£fa{C^bTM^3P£y > F-:/£-t£ 
£S i tf)f££L£^m::< <^5OT% $ ^>tCT> K-^ G a N jf tfftJt 

^ [0 0 14] 

£ fc*mm (Dm^-xHtms (Dmitm^mtbm % r > f - ^> ^ u < & n 

In x Ga H N (O^X^l). #;i;b<&> In x Ga H N (0<X^0. 

5) zmMZ-tezz. tizzy, ms o&itto¥m#<D±iz&&&i*2>m<Drty7 
£ £>lcy:y F~^M©«fc^^^^©ifc«W^v^fefSttM^^2 0^ffc4fe 2 f s 

[0 0 15] 

immm 

immm i ] 

[0 0 16] 



6 



mtE^^f 10-3075871 



9—235524 




-tzy-pr^Ts ^©fifi. XfcT*;i/ (MgAl 2 0 4 ) CD«fc^«;jtelitt<0^«<Z)ffi 
, SiC (6H, 4H, 3C£:#tf) > Si. ZnO, GaAs. GaN^f 

[0 0 17] 

47X>y^-^Ji-2-) 

^ TM2$:ffi2 0 0*>?*hU~2±(Dmm-Vf&MZ$1*:Z>o 
[0 0 18] 

-(I4 0l-f^f^^l3).-.--^ , 

1 0 50tlC^ofc^ H£<aC»:*r;*lCTMG, TS/sE^ytfX&JSV^ T> 
K-^G aN «fc yftSl 1 ©i«^^I3 & 5 *z ni©jB^*ej&g3-&£. £ 
i©^-fb^^#JittAy7rMJ:*; Mi«9 0 0*C~1 1 0 Ott'^ 

£3 -ft, I n x A lyGa^yN ( OSX, O^Y, X + Y^ 1 ) Tf«J*TSS, ^O) 
mmtmzmo^OX^tt^^ BKttGaN, XfltfO. 2OT©A1 X G 

mtO. 2 Q • cmj: y Si. G e f 0 n 2 

_ [0 0 19] 

iV^tl 0 5 0"CT\ TMG, T>=E — TjtfJfctfcElVV, T > K-^G a NJgfe 

> K-^A 1 0 a 0i9 Nl^ 5Jt>>fXhU-J*f8l&&'&. Wi^X V y H 7» 
Srii^DLS i & 1 X 1 0 19 /ai 8 F-^l/fcA 1 oa G a 0#g NJi& 1 0^">^ 



7 



miiE#¥ 10-3075871 



i 

9 — 235524 



hn-ACDjK^-e^S*. f ITS i *±&TT> K-^A l 0 .l Ga 0.9 N ^ 

-2±<D7> K-^G aNl^^^Alt, MS^CT > K-^A 1 0 .1 G a 0.9 N 
M£ 5;*>^;* hn-A1*o%U ^BPtCS i K-^Al 01 Ga 0 9 NlS:f 

^o-iiib-T in mmt-hx^m^m^^)^^ z 
^$it^> 0 - - - — - - - 

[0 0 2 0] 
(I3(Z)MW^I5) 

3fclC$/5>>;tfX<Z)^£lL#K 1 0 5 0°Cl?(lI^tCbTT> K-^G a N J: »J & 
f 3 0MW#M5 & I n x A l y Ga H . y N (O^X, 0 ^Y. X + Y^ 1 ) 
. 2J£JtT<E>A 1 X G a 1 _ x N > tfcmU&O. 1 £*T<£> I n y G a X _ Y N Z> h 

f^^^W(CD<p^^mit^^m^m^n^n^>ir^ 0 i nGaN^stsi:, 

[0 0 2 1] 

#UC. iSSI: 8 0 0-CtC IT, * -V U T^f^ fc^tlCfJ U TMG, TM 
I (hV^fM>^^A) , r^-nffl^r^K-^In^GayNf 
£3 0*y#x b u - ^©K^T'^SiirT^-S^^fllagSr^-r &?SteJi 6 
fcfc^OJIttl n G a N J: y ^SftFS5:f 1 

3fifcb Tfr fln, 

[0 0 2 2] 
(PI^77FI7) 

_r^4-_^_^.$;_4__0-5-0 *G ^^-^-M-G-.-^M-A- N _-y->^E-— -7-.— C-p 2M g (-- 
i/^n/O^^X-^T^^^^i,) Mg?:lXlO 20 /cm 3 K-^l 
tpfA 1 0 .1 G a 0.9 N<k y P*^5y KJf7 & 0. 1 m©JgWTJ&g3 



8 



&f£4#^ 1 0-3 0 7 5 8 7 1 



9—235524 

J 

tb<iiAl y Ga H N (0<Y<1) fe|*^6Ii:^Iil<, *§IH£© 
avA^^^^it-S^^tC^YM^O. 3J^TCDA1 Y G a^NllrO. 5/im 

[0 0 2 3] 

(j?W^>*2 M8) 

i&V*T 1 0.5.0X"Ev .T_MG.._X^iE.— T. C p 2M,g._£.M W M_g.& 1X1 
O 20 Aiii 3 F-yifeplGaN<J:^d:§pl3>^^ M8^0. 1 /trnCK 
^•e^^SitSo pi»In>^^hJg8=tIn x AlyGa 1 „ x _ Y N ( 0 ^X, 0 ^Y 
^ , X + Y^l) ^<©jffi^tt4f«C^-p%CDT?««;V^^ BKttGa 

&-£-U, v*-i* 

[0 0 2 4] 

asasTgu «as%^3a*TT.tf. s^ic^#H^tfi. V3L-Ktr&.ifom& 

[0 0 2 5] 

7— tfxW\££jE^S&j&*£JRyfflU ^_Ljg0>pfl8n>** h 
i 8 (D^I[C^©^©T^ ^ 1:^ R I E (Hj£tt>f *>a:y^>ir) 

[0 0 2 6] 

. . §_LJi*c&£ P l3>.^ hM0)«^±ffitcjK^2 0 o*ytf 
X hn-A'fflN i hAu £-^t?M^'f£tf) pfi9 j e<Z)p^;@9(^±tC#>7 :: 
^ >yffig)Au «fc U^^ -pV^-y-KmtMl 0 5 /^m(7)I #- « ^ f .5 a * 

ntll 1 5:Mt6 0 ftfHC p ii 9 <Z)^t® &#*f«5fc#>tC S i 0 2 &V& 
Siill 2£^1 iCar^i-MC^J&Ufc^ 9x-y\£;**9>f :/K:J:»J#« 
LT 3 5 0 a m#g )LE D ^t^- 
[0 0 2 7] 



9 



ffifiE#¥l 0-3075871 



#^ 9-235524 

Z.<DLE-Dm^±MJjfan}±2 OmAtCfeVNT. 5 2 0 n m<D***i&#6# 

*> nflfln:/** bJifc, I n G a N J: V ^, Mg 

■F-^AlGaNJ:yftSpI^7yFIi:, Mg K-^GaNJ:yftSpfl|3 

-t«rV-f ^ e— 2 — 0 . 4 % — 5-0-%fa±'Zl£Z> Z 

[0 0 2 8] 

^ife^J 1 ICfe^Tfgl ©iWil*l3 &^$-frS«(C, Si^lXlO 

^5^$t^^}:S i^lXl 0 17 /c« 3 F-^L/fcG a NttSffitt^ 
Ml i:»CbTLEDi^^bfet^5, *J6«lCD%i<Z>K:Jfc«S!LTffi 

^•efeif io%iiTbfc^ vf, #misffi««^i^— o^tts^-rsLE 

[0 0 2 9] 

j£2&Ml Kfcv*TS^<0^fc&¥#ftJS4 &jfc^3-£*»(C, T> F-^Ga 
Nli »J*$Af%4 0 hD-At, S i * 1 X 1 0 18 /cm 3 :%— IC K 

-^l/fcAl 0J Ga 0t9 N|iBiS:6 tf*hU-J±£$:3 0 Offo^S 

[0 0 3 0] 

[£ttS«4] 

[0 0 3 1] 

HSfeMl ^^itClt, t77^7 (C®) J:'J^S1S2O0±{:, 200 



¥ 10-3075871 



4f ¥ 9-235524 

it y if 7. hn-A©GaNi:U^SAy77i2K 5 fx. m<DT > F- a N 
«fc 1 (Dmt^mi^MZ 2, 2 0t>^ hn-ACDT > F-^G a N 

lAfi:, !®Sg3Pa£# (5t>^hn-W #7>K-:A (l o*> 

w ._,„L0 0 3 2] 

VteZ>M;W.(D±l r zm l©Ga Nj§£j£:l£i±s -^(Z)ff§ 1 COG a Njf<Z>-h 

c> sio 2 ^ mtto¥-m<*ifimmizf&&i,\z< ^&mm*m$-mizmf&i>. 

$*>lZ^<7)&mm$:imsT. fulBfgl ©G a NlO±ICi2©GaN&J**St 
... M SajD. 2 .©J:l.cm2j©.G a Nfl:i^ [RlfC^M 0G a N 
IWotf 2©GaN ISSfifc L fc^ktf #MI$:MV^S3 £ tfgtf; 

Z.ir&m^lzi$Ay7TMZmzf&^^&&mtte\<^ 
[0 0 3 3] 

#ClC$S&& 8 0 OtlClTTMI, TMG, T y=£=-T *m V* 7 > K- 7 I n 
0.05G a 0.95N J; *J 3 <Dmit<%}¥^foM £ 5 0 03ry>f7. hU~-l±<Dm¥- 

[0 0 3 4] 

(n«j^7^ KM 2 5) 

1 0 5 0riCbt, S i $: 1 X 1 0 19 /cn 3 F-^lfe nlA 1 Q 2 G a 
0f8 NI, 2 0 hn-Ail, 7> K-:/ (undope) GaNM, 2 07h> 

^bn-At?:^llC2 0 Olif UT&^ilf 0, 8 /* m©gtedP88£ £ 
TiWZy FI2 5 4 T^D^fejf, W)tiDMIhbT# 

ML. Al^ittm ^UiiAlGaN^lM^ni 
£.#SJLk<> «fe^«£#.<?>»«sa oot>n b n-A#±, 2 ^ mj^T 



ffifl#^ 10-3075871 



4$ ¥ 9-235524 

[0 0 3 5] 
(nIM-fFl2 6) 

jftHT. S i ^5X 1 0 1 Vcm 3 F-^ > bfenMGaNi:U^^>n{Rg> l 6^M K 
1261:0. lMm0l)|T^I$tS o I^nK^KI 2 6H ^ttf© 

Si 0 0*2/ hD-A~5 /*nu $ ^IC^^l b< 2 0 0pT>^*^ hn-A 
~ 1 #mCD§|/PT*^$1±£Z:£#M£ bv\, -©n(H!I^^ KM 5 Jiil^te S 

[0 0 3 6] 

(ffiffiS 2 7 ) 

#CtC. 8 0 0tT', 7> I n^ 2 G a 0> gN J: 'J 25t> 

^bn-Ai:, 7> K-^I n 0(01 G a 0t9g N J: »J S0yt>?a 

m (MQW) ©^tt«2 7S:^St6 l 
[0 0 3 7] 
(pM^f-V^ >0i2 8) 

friz. 1 0 5 0rt/t>F^*;^x^-«{p«M>f KW8 J:»Jfc*fc 
<> /)^MI6 J:*J=b^C^VV Mg^lXlO 20 /cm 3 F-^lfeplAl 0i3 
Ga u Ni^iSpI^^7^l2 8 5:3 0 0 ^7. h n - i»<B]8^T?/&g 

-^i:lt : fo^<, iWt Kttp F-^lfeii:t^ 0 P$!f3f-v 

^ fWtL<a3 0 0t>^hn-AgT{Clitl)o 0. UmiU 
^vMB&^T?/&R3i*"5£* P^-vy y^f 2 8(plC*9y »J 



miEE#^- 10-3075871 



#^ 9 — 235524 

AlGaNli<Mt§^LDi^ib^f<^^ 0 Mill Yfit^O. 
2g±0A l y Ga H NT^H^5 0 0^">^X K D - A^TiC^^f -6 3 _ W 

[0 0 3 83 

(p{l^^*^ FI2 9) 

7t> K3r*v y ^x.^;i/^-3bvp_af^.-v_^M-2 8_<fc u^a Mg.l 

X 1 0 19 /cm 3 K-^L^p_^G a N «fc ^j:§p«^ Ff29S:0. 1 fi m 

KM 2 6 _I^C<GaN, InGaNT^SfSIt^Iily^, £ Z1(Z) 
I»pl^7^ KM 3 0 Sr^S-fr&IRCDAy ^r®i:L/T%f^«U. 1 0 OJt 
>^t-X-l>-D--=A^5^m. _e>tC^_^L<ii2 0 0t>^hn-A-l /tm© 

[0 0 3 9] 
(p«f7f FS3 0) 

&tC. MgfclXlO 20 /a 3 F-^LJ-piAl 0<2 Ga 0<8 NE 20t> 
^hn-/*^, Mg_lX10 19 /cni 3 K-^l/7cp_GaNl, 20^>^* 
* bU-l±£%^lzmMLT&Z>mmmo. 8 ^mOiMi: U^^pI^ 
9y FI3 0fe^$ii:S o dCOjf&nfliil^y FI2 5 £ fsj C < * v V T 8! E 
^I_ltflMU jgte^«g_^£__*C <fc y PlII®I»$:iT$t 
It^t^o z.CDvM^^v KM 3 0 <Z)|{gjiEt;#&cPK^ 

; 10 0 t ^- ^hD"^l, 2/xm^Ts g g? tC$7 £ U < It 5 0 0 * > ^ 

Fn-A^±, 1 /tmJt^TT^SS Lv^ r©pf^7^FI® 

So 

.[0 0 4 0] 
(pl3>^^M31) 



10-3075871 



) 9—235524 

mmz, Mg§:2xi 0 20 /cm 3 K~-/lfcplG aNj:'J^^ p{RIn>^^ 

— [0 04 1] .-. — — _ _ 

^eiuffiu ^2tc^-r<fce>{c, RiE^Kcj:«±i©pfii>^^ 

M3U, pI^77 KM 3 0 h^V^y&^Xs 4 fiirKDX K^>f 

WJy £ *T — - - - — — — - 

[0 04 2] 

S^X h^--f ^(DMMlcMffi L£ pM^^ y KM 3 o Sx^f >^tt, ntil 

^^cd^^v^^m^-ts. 

[0 04 3] 

y ^ictiicN i / a u j: y p«S3 2 s^ts, *tc, m 

^OTtCS i0 2 J:^^iil3 5S:^U ^©^113 5^/rUtpffi3 
2 hm^tftKg^lLfep Ay Kti-3 3 fe^tfi. -^iflffi^tfcnl 
=r>## hl4 0^IKlttWhA 1 J:yft5nii3 4 £^J&t-£> 0 
[0 04 4] 

gfi jg j&g , Mf-^f-ii(DM MUt5 0 AmSi^g^ 

^Eux-i^fj-^#»4 0 _t © i/ - if ili^tt # 0 2 -e & * . £ r © u 



ffifE#¥ 10-3075871 



9—235524 

[0 0 4 5] 

[arc©***] 

£J£jUk£j&&JR^^ .. . ... . 

1 • • • mm 

2 • • - A v ~7 T M 

3 . 2 2- • • m i omfcm^mfcm 

4, 23 • • -I2 0l«^l 

e • • • m&m 

7 • • • pl^77 KM 

8 - - — p m 3^> $->7-b-m 

9 • • • IMpII 
10- • • p A y FMM 
11 • • • nti 

i2— » ^aii . „ 



miE#¥ 10-3075871 



i 



9-235524 



[si] 




i 



#f£d$5f 10-3075871 



9-235524 



mm 



i 



ffi!iE#^ 10-3075871 



#^ 9-235524 



000226057 



10 0 



1 



10-3075871 



#^ 9—235524 



& m A 



iWffift [ 0 00226057) 



1^*35^0 1 9 9 0^ 8^180 



1 



10-30758 71 



THIS PAGE BLANK (uspto) 



